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Abstract 24 
Inverted papillomas are uncommon papillomavirus (PV)-induced canine 25 
skin lesions. They consist of cup- to dome-shaped dermal nodules with a 26 
central pore filled with keratin. Histologically they are characterized by 27 
endophytic projections of the epidermis extending into dermis. Cytopathic 28 
effects of PVs infection include the presence of clumped keratohyalin 29 
granules, koilocytes and intranuclear inclusion bodies. Different DNA 30 
hybridization studies carried out with a canine oral papillomavirus (COPV) 31 
probe suggested that a different PV than COPV might cause these lesions. 32 
Canine papillomavirus 2 (CPV2) was discovered a few years ago in 33 
inverted papillomas of immunosuppressed beagles. Two other cases, 34 
presenting with distinct clinical and histological features have also been  35 
described . 36 
 37 
This study was carried out on four dogs with clinical and histological signs 38 
of inverted papillomas. Molecular biological analyses confirmed that PV 39 
DNA was present in all four lesions but demonstrated that the sequences 40 
in each case were different. One corresponded to COPV, the second to 41 
CPV2, and the third and fourth to unknown PVs. These findings suggest 42 
that inverted papillomas are not caused by one single PV type. Similar 43 
observations have also been made in human medicine.  44 
 45 
Introduction 46 
In dogs papillomaviruses (PVs) induce several skin changes including 47 
exophytic papillomas, pigmented plaques and inverted papillomas. The 48 
  2 
last are rather uncommon PV-induced canine skin lesions that consist of 49 
cup- to dome-shaped nodules with a central pore filled with keratin1. Four 50 
different subtypes regarding body location, shape, size and colour have 51 
been reported. Classical inverted papillomas consist of large (1-2 cm) cup-52 
shaped, greyish nodules with a large central pore and were initially 53 
described by Campbell et al. 2 Affected animals usually present with one 54 
or few lesions on the abdomen. The second subtype was described by 55 
Shimada et al. and consists of smaller (4mm) dome-shaped flesh-coloured 56 
lesions disseminated all over the body 3. Le Net et al. described a few 57 
years ago very small (2mm) disseminated black papules with particular 58 
histological features (see below: intracytoplasmic eosinophilic inclusions) 59 
in a Boxer 4. Finally, inverted papillomas were observed concomitantly 60 
with classical exophytic papillomas by Goldschmidt et al. in 61 
immunosuppressed beagles, most of them developing interdigitally. 5 62 
 63 
From the histological point of view, all inverted papillomas consist of 64 
endophytic, papillary projections of the epidermis extending into dermis.  65 
The cytopathic effects of PV infection include presence of clumped 66 
keratohyalin granules, koilocytes and, less frequently, basophilic or 67 
eosinophilic intranuclear inclusions.2-6  The papillomas described by Le Net 68 
stand out from the others because of their large, eosinophilic 69 
intracytoplasmic inclusions.4 70 
 71 
Immunohistochemistry was used to confirm that PVs replicate in inverted 72 
papilloma lesions and, consequently, probably play a major role in their 73 
development. DNA hybridization studies carried out with a canine oral 74 
papillomavirus (COPV) probe suggested however that these lesions may 75 
be due to a different PV from that causing classical canine oral warts2. In 76 
fact, Canine papillomavirus 2 (CPV2) was identified a few years ago in 77 
inverted papillomas from immunosuppressed Beagles 5,7. All available 78 
clinical, histopathological and virological information suggest that inverted 79 
papillomas are probably not caused by one single virus. 80 
 81 
This study was undertaken on four dogs with inverted papillomas, each 82 
representing one example of the four phenotypes described above. 83 
Clinical, histological and virological features of these lesions are 84 
presented. Molecular biological analyses were carried out with 85 
combinations of PCR primers designed to amplify as many canine 86 
papillomavirus as possible. The goal of the study was to demonstrate the 87 
genetic diversity of canine inverted papilloma-associated PVs. 88 
 89 
Material and Methods 90 
Clinical and histological features: 91 
Four dogs with cutaneous nodules resembling inverted papillomas were 92 
included. Lesions were surgically removed and histological examination 93 
was carried out, using standard methods. 94 
 95 
Molecular biological analyses:  96 
  3 
DNA was extracted from paraffin embedded tissues (cases 1, 2 and 4) or 97 
frozen tissue (case 3) using a DNeasy extraction kit (QIAGEN, Basel, 98 
Switzerland). To identify PV DNA a combination of primers optimised for 99 
CPV detection was used, consisting of FAP64  and canPVf (CTT CCT GAW 100 
CCT AAY MAK TTT GC) 8. Amplification was undertaken in a PTC-200 101 
thermo cycler (MJ Research, Watertown, MA, USA) under conditions of 102 
94°C for 10 min followed by 45 cycles of 94°C for 1 min, 50°C for 1 min 103 
and 72°C for 1 min. A final extension of 72°C for 10 minutes concluded 104 
the PCR. Electrophoresis in a 1% agarose gel containing ethidium bromide 105 
was used to detect the amplified fragments. The amplified sequences 106 
deriving from the L1 open reading frame were extracted from the gels 107 
with a QIAEX II (QIAGEN, Basel, Switzerland) kit and were determined 108 
commercially (Microsynth) by cycle sequencing using an ABI 377 109 
sequencer (Applied Biosystems). The obtained sequences of both strands 110 
were aligned and only the central double sequenced region excluding 111 
primer sequences and inconclusive end/start regions were used for further 112 
analysis (GQ204117-GQ204120). These sequences were compared with 113 
the NCBI gene bank using BlastX and BlastN (February, 2009) analysis. 114 
Amino-acid alignments were performed in CLUSTAL_X version 1.83 with 115 
the default parameters; the output data were edited in Word (Microsoft) 9. 116 
 117 
Results 118 
Animals and clinical features: 119 
A five-month old male Flat coated Retriever (Dog 1) with an erythematous 120 
otitis externa and an 8 mm diameter greyish nodule on the abdomen 121 
(Figure 1) that was surgically removed and did not recur.  122 
 123 
An 11-year old intact female Beagle (Dog 2) with an 8mm diameter 124 
greyish nodule on the paw pad that never recurred following surgical 125 
removal.  126 
 127 
A 4-year-old female Beagle (Dog 3) with a pruritic plaque on the ventral 128 
neck, evolving concomitantly with a pyometra. The skin lesion consisted of 129 
numerous small (1-2mm diameter) dome-shaped white papular lesions 130 
(Figure 2). The dog was spayed and skin samples were taken by biopsy 131 
for histopathological and virological examination. The lesions regressed 132 
spontaneously within 30 days.   133 
 134 
The fourth case was a five-year-old female Rhodesian Ridgeback (Dog 4) 135 
with four black small nodules (2mm diameter). Lesions were surgically 136 
removed (three were melanocytomas and one (concave face of the pinna) 137 
an inverted papilloma. Lesions did not recur after excision. 138 
 139 
Histpathological features: 140 
All the papillomas shared a sharply demarcated cup-shaped aspect 141 
characterized by centripetal papillary projections of hyperplastic squamous 142 
epithelium with a central core of keratin layers including parakeratotic 143 
cells (Figure 3) although the lesions in dog 3 and 4 were smaller. The 144 
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basal layers were hyperplastic with a moderate number of mitotic figures.  145 
Multifocally, the subcorneal epithelium showed a variable number of 146 
koilocytes occasionally with basophilic intranuclear inclusions and a few 147 
large keratohyalin granules (Figure 4). Additionally, in one case (case 4), 148 
eosinophilic intracytoplasmic pseudoinclusions were observed (Figure 5) 149 
while papillary projections were moderate.  Based on these observations a 150 
diagnosis of inverted papilloma was made. 151 
 152 
Molecular biological analyses:  153 
The histological findings of koilocytes and intranuclear inclusions suggest 154 
the replication of PVs in the four cases. The PV specific DNA amplification 155 
and PCR sequencing in each of the four samples revealed in the first case 156 
that the sequence obtained (GQ204117) corresponded at the amino acid 157 
level (BlastX) exactly to that of COPV (97/97). In case two the sequence 158 
obtained (GQ204118) coded for exactly the same amino acids as CPV2 159 
(94/94) 5,7. The analysis of the third sample revealed a sequence 160 
(GQ204119) not identical with any published PV sequence. The highest 161 
similarities with this sequence were found among members of the genus 162 
Lambda PV. According to the translated sequence COPV was identified as 163 
the closest canine PV sharing 70% identity (68/96). Identity was highest 164 
among the Lambda PVs of the cat (FdPV1), the lynx (LrPV1), the puma 165 
(PcPV1) with 78% each (75/96) and the snow leopard (UuPV1) with 75% 166 
(72/96). In the fourth case another thus far unknown PV DNA 167 
(GQ204120) was uncovered. The BlastX comparison revealed again 168 
similarities with Lambda PVs and COPV being the closest canine PV with 169 
70% identity (67/95). Also PcPV1 with 71% (69/96), UuPV1 (67/95) and 170 
LrPV1 (68/96) with 70% each displayed similarity to the novel sequence. 171 
The homologies and differences of the four sequences were also analysed 172 
based on an alignment of an 84 amino-acid stretch covered by all four 173 
sequences (Figure 6). It points out, that aligned amino acid sequences of 174 
case 1 and 2 are identical to references sequences of COPV and CPV2, 175 
respectively. In contrast, cases 3 and 4 sequences do not match any know 176 
PV sequence. The two DNAs amplified in samples three and four were 177 
additionally analysed at the nucleotide level (BlastN), and were found to 178 
share 74% identities (212/284). 179 
 180 
According to these results each of the four unique cases was associated 181 
with a different PV, two of which are as yet unknown. 182 
 183 
Discussion 184 
Canine endophytic (inverted) papillomas have been reported only 185 
infrequently 1-6,10.  PV-specific cytopathic changes were observed in all 186 
reported cases. The latter changes, as well as immunostaining studies 187 
support the causative role of PV(s) 2,3,6. Our results demonstrating the 188 
presence of PV DNA suggest that these viruses may be the causative 189 
agent of these lesions and the  phenotypic differences support reports in 190 
the literature that suggest that more than one PV may be involved.  The 191 
cases in this study illustrated this phenotypic variability: In fact, case one 192 
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was very similar to the description made by Campbell, while case 2, 3 and 193 
4 likely correspond to the Goldschmidt-, Shimada- and Le Net-types, 194 
respectively 2-5. The PV DNA sequences demonstrated clearly the presence 195 
of 4 different viruses but the finding of these PV DNAs in the lesions does 196 
not prove causality as PV DNA has been demonstrated on unaffected skin 197 
in several other species 11-13. However, the histological findings clearly 198 
indicate viral replication and causality is consequently likely. Interestingly 199 
the four papillomas were harbouring the DNA of one unique PV each. Hints 200 
for the presence of more than one PV DNA in each lesion were not 201 
present, but cannot entirely be ruled out due to the limited knowledge 202 
about the genetic diversity of canine PVs. The DNA found in case one 203 
matched exactly with COPV, which is known to induce oral papillomas in 204 
canids but has also been found in other papillomas. This result contrasts 205 
with DNA hybridization studies carried out by Campbell et al., which 206 
excluded the presence of COPV in similar lesions.2   In contrast, CPV2 DNA 207 
was amplified from case two, which shares many similarities with cases 208 
described by Goldschmidt et al. 5, 7The viral DNA found in cases three and 209 
four appears to belong to two novel and distinct canine PVs but the 210 
sequences suggest, that these two viruses may belong to the same genus 211 
as COPV (Lambda PVs).  212 
 213 
Inverted papillomas are infrequently observed in humans 14. Most of them 214 
occur in the nasal cavity, although  cutaneous involvement has been 215 
described 15. Several PVs have been associated with the development of 216 
these lesions and neoplastic transformation often occurs when high-risk 217 
human PVs are involved. 14,16-17 218 
 219 
From the four cases presented here it can be speculated, that in dogs as 220 
in humans certain PVs might be associated with distinct forms of 221 
endophytic, inverted papillomas. Further studies are required to confirm 222 
the genetic diversity of inverted papillomas- associated PVs and to better 223 
characterized the novel PVs. 224 
 225 
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Legends to figures: 284 
Figure 1: Case 1: Large classical “Campbell-type” inverted papilloma on 285 
the abdomen. Note the typical dome-shape aspect and the central pore.  286 
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Figure 2: Case 2: Smaller “Shimada-type” inverted papillomas. Note the 287 
dome-shaped aspect (red arrow) and the keratin plugs (black arrow)   288 
 289 
Figure 3: Case 2: Microscopic appearance of an inverted papilloma. Note 290 
the papillary projections in the dermis of the squamous epithelium. H&E. 291 
Bar = 0.5mm   292 
Figure 4: Inverted papilloma (case 2). Note the presence of koilocytes 293 
(star) and intranuclear inclusions (arrows) in the lesional epidermis.  H&E. 294 
Bar = 50µm 295 
Figure 5: “LeNet-type” papilloma. Note the large intracytoplasmic 296 
eosinophilic inclusions (I)  in the epidermis (E). H&E. Bar = 50µm   297 
Figure 6: Alignment of the overlapping putative amino-acid (AA) 298 
sequences encoded by the PCR fragments. Reference sequences of COPV 299 
(NC_001619) and CPV2 (NC_006564) in bold. Conserved AAs are 300 
underlaid in gray. Numbers indicate first and last amino acid of the 301 
reference L1 proteins.  Note that the sequence corresponding to case 1 is 302 
identical to COPV and the sequence corresponding to case 2 identical to 303 
CPV2, while the sequences associated with cases 3 and 4 exhibit various 304 
differences to the presented sequences. 305 
306 
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 98                                                                               180  326 
COPV RLVWGLRGLEIGRGQPLGISVTGHPTFDRYNDVENPNKNLAGHGGG-TDSRVNMGLDPKQTQMFMIGCKPALGEHWSLTRWCTG 327 
Case 1 RLVWGLRGLEIGRGQPLGISVTGHPTFDRYNDVENPNKNLAGHGGG-TDSRVNMGLDPKQTQMFMIGCKPALGEHWSLTRWCTG 328 
Case 3 RLVWALRGLEIDRGQPLGVSVTGNTTFDRYSDVENPNKNPTDHDKENTDPRVNVALDPKQTQLFLVGCKPAIGEHWIQARWCVG 329 
Case 4 RLVWGLRGLEIDRGQPLGISVTGNPTFDKFSDVENSNKVQTDHDKD-ADTRVNIGLDPKQTQLFLIGCKPAIGEHWVQARWCVG 330 
Case 2 RLVWRLTGIEIGRGGPLGFGTTGNFLFDRLQDTENPNNTKVAT----TDDRQNVSMDPKQTQLFVVGCTPCKGEHWDQAPRCDN 331 
CPV2 RLVWRLTGIEIGRGGPLGFGTTGNFLFDRLQDTENPNNTKVAT----TDDRQNVSMDPKQTQLFVVGCTPCKGEHWDQAPRCDN 332 
 96                                                                               175 333 
 334 
 335 
 336 
